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fo.r bhe

S_.reau of Aeronautics, NasTy P{ 2ar_.ment

snd the

Air Materiel Command, A_y Air Forces

ZFT'ECT 0F A LOW-_0SS AIR VALVE ON

T"3L_.,-'(;_,dA_,_CE O_" A 22--2_'-,_£iI-D[-A:,,"ETEP

FU]_SE-JET F::b":, J ,._;

-_2i; _o_-1e20[i T:. _I",_-IBfI&I.L

The pcrformoncc of a 22.-_I_ch-dLam_;ter piL'se-jet eng1J- using

a set _f lo_.loss modified air valves was dete_T_,ir,_d in i rest-

stand _ests at ram pressure_ equivalent to szm_.ulated fliy t speeds

of 0 to 550 miles per hour a_d for a ran_ze .of fuel-sir ra los at

each _i_u.!a_ed flig_t speed_ TLe res_Its of these tes_.s re com,-

pare_ with tests of the sLandar& pulse-jet eriC:inc.

in 8eneral_ the moB if led ensine showed an i_.prc,vement in per-

formance only at low si_._lated flight speeds. The _redic 9d. flight

thrust at high slm.._lated fllght speeds was slightly low.._r than tha_

for the _tandard engine, and tlhe specific fuel consu_._ptic was

higher. From the results of these tesSs, i b appears that >nly a

neg!igible change in the ovez-_il perfozm_ance of the eng! _ c:m be

ezpected from low-ic.ss valves.

!q';TEODUCT:_ON

At the request of the ]Bureau of Aeronautics, Navy Dep :'tment,

and the Air Materiel Command, Azmy Air Forces_ the NACA h: _ under-

taker, a strdy of methods of increasia_ the _,,ow_r and. th9 _ "ficle:_cy

of the p_se-jet englne. The nomretuzn air valve,_ Z2 the ;ngine

ha'_e been foun! to have re].ativelv 1]igh losses and it _-as ,1_.e_efcre

decide@ to investigate tl_e pos_sibilltzes of a low-2o_:_s va_ -e to

improve the _erfo_,_aace of I"_{-, "'-_ -_,_.._,_ engine. ,_,,.,._ with zed.u,_ ,d losses

as compared with the st:_._zdaz'dvalves sho_d p_z'mit tize f!_ _ of larger
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masses of ch_trce air, which ,_oukd re_t_It in hi,fiLer cor_bucLicn-che,_,Ler

densmties at the starg of ccmbJnt!om aud hLTLer peak _OL_'_:_StiOn Vrcs-

sures. The il!gi_er De_'icp.t'essures _ho_qL,i r,,cul% in an increase in

both the p(.wer alld the efficiency of the :_n_ino. (See refei'cn_ce 1.)

An inT,_;z%fL_v[ion of _arious type'_ of air w_J.ve was conducted in

nn :'.i;.@aratus%.nat ,test_d a sm_t]J, s,,cticn of a pvJ.sc- or !r,t:_mmlttent '

jet enc.ine vc<!%'e _3zJ,i (ref'emencc 8) a:ld e lnw-lcss v;_ive wa,-, _..,.:vol-7< h
d ....... co_d be subst!bu%:ed _'c_ _ the _,fl.... __ a v_Ive _.rionout _, -'"_,±_lZ _..iO_ &,] :_,:__-

ation to the <nf,/fi_e.

The perfotr.innce of a 22.-inci1-di<neter puJ.se-jet engine with the

low-,less modified air valves _ns detelmtiued by thrust-st_md tesss at

the NACA Cle_eland ]zOuor,._.tozjD: _4_ !C$,5. The results of the t_,_ts

at simu]_<_ted flight ve).<,<,no_-:_vn,:%'i_.\,,f,:¢om0 to ['i'50miles Fer hour

end a ran.,%e of fuel flows arc c(!m_:_:_,_c_with the tests of the standard

engine reported in z-efere_ce 5.

The low-loss modified air- val_e for dir_,e_ s,ppl!;',Atic:n to the

_uise-jeb en;gino grid an_! the sv, ct_j'/.:*d valve aro sbowp, in figure 1.

The modified vzlve consists of two pieces of b!tue tfrln_ steel fastened

_o<_etn_r by z:i_ets Ti_e valve on-._:_ is 0 006 i_:ch thick __:_dthe re.lye

body is 0,015 inch thick. The 0.00C-inch spri_4_ is so pz_efom:_ed tb-_t

the valve in the noz_-ul pcsitim_ fits th_ contour of the grid. Because

the valve sprlng and body are .!aopcd with the spring beneath_ a gep
. "_r'%0.006 inch h.<,n exists initially between the valve and.-die grid con-

tour in the closed position. Tiiis (,,a))is decreased bj, oi;erctlon

,,_e 0.0O6-inch sprlz_, meterl£! cuts into the soft ah_mffnum-

alloy grid_ thereby, re@ucing _n_ le:>tk_:_e_ , The uener_l _imen_ions

of the modified valve are the scrape;_s the standard valve and the

modified valve can be, inst::.,!led without alt<,ra_ion to the g:'Id or the

support !0!arcs. The natur_l frequ_nc2 of tl'i_,st:indoors]v::iv_ is

approximately 125 cycles per cc.con__; wberemc that of the modlfie_

valve is 55 cycles per se, cond.

TYST PR;:)CEDUB2_

The standard valves in a _rid essemb!y were replaced by a set

of the modified valves _tnd the modified qrid _,'rZSmownte@ in a stand-

ard er_zine shell. Details of the thr'_,st-sgsnd installation of the

prO.so-jet e_ine and the testing procedure are fully descrlbod in
re fer(:_nce 5.
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iVo_ normal orera%ion _,he _n._ne was __.... __,_ _2a_nt ning a

-g,_3o pressur_ of s,,. IL(;:f=}S Of ,.T_.o_i" iI\ tile sRY,,_e ta-i£ U.p_ ,rcsm of

the eng/in@ and turpJ_ on the fuel and. tha spark. In t_ first

four runs listed ir table !, startir.g was attempted with _urge-

t_:ik !)_;esPures decreas__ng from 20 to i0 inches of w&ter. In each

case ab;_ve a s_'a'-ci-_Z• ]?ress_ of i0 i'_._cDesof wate::, th. b_ning

was esccnti_l].y stsady, in ti:.orest of the tests rum Dy :tarring

with a fTr_=suie_• o__ ].0 inch_s of wator, the _a_it cyc.L_ed s__:cessf_lly

TI;ST _ESULTS

In order to provide a direct comparison, the results ,f the

modified ensine tes':-s ore plotke'J, with the performar,ce c_ wcs for
the standard _J.t t_2:er, from 1:he data in refer¢nce ;-3.

..................--r2i''.......C,'mbusticn-_;_r ,_...... ht f!o3 f. -- The puiso..Jet enc;ine w" h the
modified valves was first Ossi.e(l _,,it]_ a sio.2@y :['low of a" '. The

pressui-e in the large s_;r_e tank u_str£_m of the end.sine _, s set

and the corre,opon__img f!-_: through 8he u_-lit was mo_ta, ured y an

orifice u].;sti'e_p, oi' Lile SllDfg_e t:-!ik. _]le cusves of' "_ari%i on in -"_ir

flow with _.-_+p._,_ ,_ <-,:_,,_,ns_acije-tallk _nve@_sl;_ral'of bhe st%nd_ard ; & 17_odified

en6ines are sllc_ in figure 8. For the s,?_e uf, stre_,m pr_ sul"e, the

modified rn;/t pez_tt.sd _ flow of about 4,5 pt_,nds of aiz per second

moz_ _;_n the stsndsr& unit.

The variation in combustion-alr weight flow with fuel air re,tie

during actual operation for sever'_l slm_Ist_d flight spee s is shown

in fig_re S. At J.ean fue].-_ir r?tics, tlhe air flow for i e modified.

unit was greater titan tllat of the standard ei_sine but apl ou,ch_d

that of the standard enzine at high fuel-air ratios.

F].J._J_tthrust. - Predicted flight thrust is sho},n in icure 4

as a function of fuel-air ratio for so,feral simulu, t_d fli ht speeds.

The static thrust is approximately i_ percent greater for the modified

engine than for the sto_nlard e___£;ine. At low flight speed the modi-

fied valves would pez_it engine operation at lower fuel-a r r;_',tios

than the standard valves. At a speed of 190 miles per i_o r, -the

thrust appeared to be approximately the some in either en fne. At

speeds of _80 and HO miles per hour and a. fuel-air i'atie of 0.070_

ti_e ti_rust of the modified engine was slightly lower than -hat of

the standard engine.

_,k_xim_m combustion- chs_,£oDr pr.,rgss.@£%.- Pea!: c_,mbustio -ch.'__,m2o_r

pressure as a ftuucti,gn of fuol-':_,irr;_tio for a range of s iulated

flight speeds is shown in figure S. Data -_b speeds of 0 _ _d 190 miles

per ho_r for the stan@'_rd engine were not available for c _parison.

The peak pressure of the modified er.gine app_ased to be s .ght!y hJ_her
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than that lot the standard elJzine ct speeds of 22-D aml 5,_0 mil_s -_er

hour' and at a fuei-aJr r:_,tio o.f:0 070. A c_mpariccn _f tb_ _lets of

peal: pz'e,ssttrea__ tbr_st for tb,_ best bc'n_s of the modilie0 e:tglne

inaicated that these ner,_met,_rs varie? im :,,sJ'_ilar manner, with fuel-

air ratio and flight si:ee"_. Although ",b,;T'oak pr;asur,_ _¢r the modi.-

Pied uui_ akp:_ar_-d to Le somewhat £i_]h_: them that for the _t'u_.d_rd

tmit_ the il!_,,_oi:,t3rc,st ,it hzgh speeds was lever. This 0r;¢;'_<alymoy
have been d_Tc to o'' .....o_,_,:.1._= a'-_m,<,_.__ _ in e::,ch sat of meas_co_,lcnts tna, u d.iC Iitl_

compensate e_J.ch othe_ _.

___"__e.9_f___c._fuel q_3si_i'qt.i%!. TLe .power specific fuol consumption

and thvt_st spec!ilc 1,__elo<-nsum])t_<_° arc. cho_m in fig_'rc 6. The power

speciYic fuel con,s_:s_pt'.o:_,fc_" _he mcdii'ieJ er<_ine w_£s roughly the sem_

as for the standard en<_ine o,t _ sir_J:tte_ flight speed of !CO miles

per hour at Yuei-sir rails,< ,"bo,"e L..OVO 5ut became greater at the

higher speeds. The tb-_ust £Tcci27_,',:!bet cr'_,_:__ption for th_ modified

engine was _Cower than that fcr ___t:_ _;b:.na_.rd engine ,_- a:__ simuAat ed

flight speed /"c_, 0 miles ,v_r h_r, , -,o.... , _,_'_-_1,,<4._._,._m .........the ,ssme az 190 re!lea

per hour, and. greater a,t the h'_h_r s_)esJ.s of i;00 _ud 540 miles -per
hour.

Pressure c_vq.]e_. No change in cycle frequent was noted with

the change in valves. ]'hotogr,_tphs of t_h¢ pressure cjcle a,,e showu&

in figure 7 for soverxl c;mulabed, ili_j&b %,eeds and fue].-.air ratios.

PhotoAra_hs__ el' the pressut'e cycle :i'oj,_"a_n_standard eng'.me az:_ (}!yen

in referenue 5. In Zoners!, the s!_.)c of the cjc}e was the s_o /c,r

both engines and no difference cou3.{ ]se _noted in the t£_e required

for various cjcle events, such as induction of air_ _ressur_. rise,
end expansion.

Valve life. - The life of the modified valves was considcrab!5,
shorSer than the ].Jfe of _he standard re}yes. After t,esz run 9

(tr,b_ I), the valve _rid .... _v woc removed and e:.:am=ne;.:"£ Two

valves had separated, with the O.OlS-_ch _ieces f]_,,inC out bhe rear.

Approxims_t_!j 7 _ercent of the vaive, s were replaced ,:fret 61 minute_
2

of operation because the_ s_psaz'ed },_bcub to _- _o_iz_ or fray The engine

with the repaired, grid w_:s r,an fox' m-L ,:-_d.c_ibiena!a_l .minutes _,._,_the
%

hi{;h simulated flight speegs and. t,h,ogri8 wus agnin remove@.. One

valve had separated _-md 50 purcent :)f the valves :.:ere in vario_,_s

st&gem of fraying; rzz_%]_s,_ from inc]?:.'enb _r,=_, =n_',/. t _', the lees of __.s

much ,_s half eL' the v_ive b,cdy Pi_otographs el' the grid ai't, ar the
high-flight-spee:l runs a.re chcwn in ....•lo!tre 8, T],Iovalve dezerior_.-

tion ap}ears to be greate_ _ a_ hlzh simui_:bed fli[{ht _peeds than at

the low flic_ht spt.eds. With a dii'fa:<;en_ thickn,ass_ ,_:ith e,different
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bo£r muteria! if an ...... stool, .......
t_le _o the m'_li£Lo"l v,S__.e.' .j'ht pos-_ubs,_en_ such _s rubD6r_ life ,_ .......

C,/.T_N !.CL(_]"_.L,___' .................

DI%UU<;&;Z,3Z,:_O? -c, _ _r,_

Ou the ]::e:rfc,_,%_nCe ou._:'Te_ it call be scan t_.-,t <::c of - le rcsu.].ts

of the lo_,;-2.?_s :, ]-,-e :.,r:.r_ to _,-,auce ti_e ef:.'ucb oi" _u<l-_2z: ratio on

the :,',.:':ab:L,T.::, sT.cA <'._ co£;_usti,3:._.-ai¢ ueigh_ flow, thrust and _ower

and thrust s?esific 2Puo._ coz::_,imc2tions]tha.t is; the perle: _ance cu_'ves

for t.h_ modified era{Jut are fls._ter then tLose for the st id.ard on:6ir_-

in genera_1__ sn .!mp;_vor.,?ontin power an.,'],thrust si)ecif : fuel

cons_unp_cions witk low-loss ,¢:g__e_ seems t,'essible _t !_c,_,rI '_ [ght veloc-

... _ ,c_""_ , ti_is i:U_rcvement so dim:[: Lshes thatitias but, at hi:£'.er v_,].o_,_.....c

the o_'er-;',l!efL,_ct on the p<='.L_._.:N_'.':Ois ncgllgib?e.

The total air flc,w ta,ken irate bhs _:n,,-,:in_i_Tz<,n_ cycle _ay be

d_ivided _nto tLree parts', tb.8,_taken in <_urir-8 t._e ncrio.: in which

the valve is openinc:_ th_t t:2ken in while the valve is ful _y open,

and that enterizy wh]_le the '_a!_,e is closin S. The 10ss i__ total

nressure occ_rr!_ C Jn an}, of t!_cse periods _;ill I_o a funs .on of the

mass flow entering du'.;:Lr_gt,_,:_,tpericd and tl.o flow l,)sse<, _er '_mit

mass flow. The tob8! loss for the intake portion of %he , ,cJ.e is,

then, the s-_ of the -three ind.lvidual losses.

The flow loss izz a valve of the type used in the pu]_s_ -Jet

en,.qine_ aside from th2t resulti;%i,' £rc{r_the grid-support s-_ct_re,

is a function of the valve posit'.on, which affects b1',eco2 ;tact!on

of the fluid Jet thro_\qh the valve. For two similar 'Ta!v. _, such

•%s the standard and modified valves, operating under iden: .cal condi-

tions, the total loss for the period &u_ing which th,_ val_' _ ls openi_w

is proportion_,_l to the time re%uired for openiP,_. B_ca_zs_ the modi-

fied valve is less stiff and therefore opens more gutckly the loss

for this valve should be maaller in the c_oning period.

: i

Far the period in wkich the valve is fully open, the : .ow losses

in th_ two valves shouli be the s,%me. A visual ins_<,ct'.oz of the

side of the valve exposed to the combustion cP,r2mber indic_ ;ed that

both valw, s opened fully and hit the upper support pi.mte,

In the last pc)ztion of bhe _ntake cycle_ because the 2 lves close

ver_ rapL2!y (as evidenced by the froyinG) an0 the press: 'e in the

comlmstion ch-_ber is ri,:in_, t.he air enterin_ may b_ ass_ _d to be

or2y a vcr_ sm_ll pc'rcentagc of the total air ir..take. Co._ _<_uently,

the loss occurrin;_ d,oa'LnC tills p._r:L._2m_y be neg]._ct_ d.
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At low f!i_ht epoeds, %.I":ovalves do not o_en urt:!_! tiT.c,combustion-

cha@bef pressure huc fallen below P'_e fr,..e.._tream stat"_c pu'..ss,_:re;

whereas at high fl:Lght spe_."ds, the va±v._s will open wher_ the combustion-

chamber_" pressu_.<'efalls belc_ ram pressure. T._levalve4 will therefore

o_en earlier in the cycle ab hi{<.h speeds, as compared _-;i_hthe cyc%e

at icw sp£._sds. The ti:ne _ec_uired %o opr_a the valve at high flight

speeds will s_; £ s;_,-Iker perccn_sae of the total time for air intake

and a smallez" _ercentage of the tel:el mass flow e_rte_rs while the _alve

is ops_ing_ !nsss,'_ch as the effect of a low-loss valve is noted only

during the perle<! wtlen t}_e valve i._ op_'nlng_ the o s_,r-al! effec_ of

reduced losses in thls period becones smaller as the flight velocity

is Zncreased,,

C OJ}[CLI;DI_]<sLS JZAV['_S

Comparison of the perfcrmaose cf a °f--inch-dia_seber pulse-Jet engine

with stamd,s_rd valves az5 wi_h modified low_-!oss valves a_ ram pressures

equ£vai_en_ to flight velocities of 0 to .530 miles per hour and for a

range of fuel-air ratios a_ e_,,chsl-uu]_ted f.lig_,t spe_d shows that the

modification resulted in eul,/ a ne_l _gibi!e cLamse in the over-all per-

for_,ance of the er..c_.ne, Qualita; t,'_!p-, Liie chancres were as follows

for the _'ar_ous perfo'_,.maRce psrai,_ct_-rs- Predmcted flight t_irust was

higher for ti_e modif'_.d engine th,a_ for the s-%and_rd eng,.he at low

spe@d.s and sl_igh%.]y l_i-e, _r_ hlgh specfso Com0ustion.____r _#,olc_g flow

and peak co-_/bustion-cha.ler pressures were generally slidht!_y higher

for the modified unit. T;se power a_d the thrust specifis f_el consumptions

w_re hi_her for the modified u=,it, except at low velocities, The life

of the modified valve _{as considerably shor'ter than tlsat of _he standard
valve.

Aircraft Engine Eesearch Laboratory;

National Advisory Comm!t+,ee r_r Aeronautlcs_

Cleveland, Ohio.

i. Schubert_ William: Design; Con___tructi<:_n,and Testing of a

6" ResoJet Motor. Set, No. EES--B-S,%SO-AS(a), U.S. Xaval ]_ng,

Ex__. Sta_ (Annapolis), Bur. Ae_o , _.,-__,. _T"v'" Dept, Sept_ 1, 194-4,

?, Bressman, Joseph I_.,_amd McCready, Robert J, : Tests of Air Valves

for Intermittent-Jet Engines at SFee,as of ?0 and 75 Cycles Per

Second, NqCA _R ilo. ESE08, 1945,

5: Manganiello, ]_:gene Jo; Val_rino; Mici_ael F.; and Essig; Pobert H_ :

Sea-Level Performance Tests of a 22--Inch-D;Lameter Pulse-Jet Engine

at Various Simulated Ram Presstu'os. NACA YAR No. ESJ02, !°_5.
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Photographs of standard valvb | left) and low-loss
modified valve (right).

NACA

C" 14743

4- 16-46

i

r..

JO.O_lO '' blue spring

stee I

0.006" blue

Rivets / sprin 9 steel

__nt to contour

fit

of grill

0.015" blue spring steel

|hi Sketches of cross section of standard valve | left) and

low-loss modified valve I rightl.

Figure I. - Photographs and sketches of standard valve

and low-loss modified valve for 22-inch-diameter pulse-

jet engine,
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28 0 Ib/sq in

A'mo'P""ri 
10.7 Ib/sq

28.4 Iblsq in.

Atmo|pheir_
10.6 Ib/sq

Simulated flight speed, 0

miles per hour; fuel-alr

ratio, 0.082.

Simulated fl ight spe_ J, 190

miles per hour; fuel-_ir

ratio, 0.069.
Z

3691b_q °

/
IWsq

Simulated flight speed, 270

miles per hour; fuel-air

ratio, 0.072.

Simulated fl ight spe_ t, 330

mi les per hour; fuel- lir

ratio, 0.069. NACA
C" 14742

4- 16.46

Figure 7. - Photographs of oscilloscope trace of pressu •

cycle for pulse-jet engine with modified valves.
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